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Introduction

1.
The ICLEI EcoLogistics self-monitoring tool is developed through the "EcoLogistics: Low carbon freight for sustainable cities" project that is funded by the German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (BMU) through the International Climate Initiative (IKI).
The tool estimates, at a city 1 level, the greenhouse gas (GHG) emissions from urban freight transport.
It can be used to estimate the baseline scenario (or business-as-usual scenario) and allows the assessment of a target scenario wherein specific technologies or strategies that would reduce GHG emissions are hypothetically implemented. The tool also acts as a monitoring tool for cities to compare and analyze indicator data.
The self-monitoring tool is an open, Excel-based tool. This short version of the user guide provides an overview of the basic tool functionalities and urban freight transport emission calculation.
What is calculated?
The scope of the tool is limited to the calculation of emissions from urban freight transport operations. Carbon dioxide (CO 2 ) comprises the majority of emissions from freight transport, whereas carbon dioxide equivalent (CO 2 e) is a unit used to represent the global warming impact of various GHGs. Both are used throughout this document.
What are the system boundaries for emission calculation?
The tool includes emissions from full life cycle, which are often referred to as well-to-wheel (WTW) emissions. WTW emissions are equivalent to the sum of well-to-tank (WTT) emissions and tank-towheel (TTW) emissions. Figure 1 illustrates the system boundaries considered under the selfmonitoring tool.
Which modes of transport are calculated?
The following modes of transport calculated:  Road freight transport -Different types of road vehicles, aggregated into sizes, including electric and fuel-powered freight vehicles  Rail freight transport -Trains of different weights, including urban railway systems  Inland waterways freight transport -Different types of inland ships, including ferries, domestic inter-city vessels 
How is emission calculated?
Generally the methodologies for estimating transport emissions can be categorized as fuel-based and activity-based approaches.
Fuel-based approach
Fuel-based approach uses the fuel consumption data and converts fuel use into GHG emissions with defined emission factors. This approach uses the following equation:
Fuel-based approach for emission calculation
Activity-based approach
If access to fuel consumption data is limited or incomplete, a calculation using the activity-based approach may be recommended. This requires information on vehicle kilometers travelled (VKT) for each vehicle type, vehicle occupancy, information on vehicle fuel efficiency or emission intensity factors, which are applied in multiple steps. The approach uses the equation as follows:
CO 2 emissions = ∑ (quantity of fuel consumed (liters) × emission factor for the fuel (e.g., kg CO2e/liter)) + sum across grid regions: ∑ (quantity of electricity consumed (kWh) × emission factor for electricity grid (e.g., kg CO2e/kWh))
Equation 2 Activity-based approach for emission calculation
Which parameters are required for emission calculation?
Each transport mode has special properties and conditions, thus it is important to calculate emissions separately for each mode. The following parameters are of general importance for all modes of transport. 
Application modes 2.
This section introduces the input modes of the tool calculation front-end and the underlying parameters. The tool comprises of the following tabs:  Home  City profile  Transport modes: "Road freight transport", "Rail freight transport" and "Inland waterway freight transport"  Impact assessment: "Fuel technology change", "Distance reduction", "Eco-driving" and "Off-hour deliveries"  Results/Graphs
Several sheets are hidden which contain back-end calculations and lists of default parameters.
Home tab
The "Home" tab contains introduction of the self-monitoring tool and provides an overview of the functionalities. As illustrated in Figure 2 below, each icon on the home tab redirects users to its respective tab: "City profile", "Road transport", "Rail transport", "Inland waterway transport" and "Results". "Impact assessment" button redirects users to a list of pre-defined solutions that would potentially reduce the environmental impact of urban freight transport. 
City profile tab
The city profile tab is designed to highlight the freight characteristics and transport activities in the urban contexts, along dimensions of city size, geographic location and demographics. It also outlines the air quality index (AQI) and key pollutants, which is used for monitoring air pollution.
The yellow cells indicate that they are input cells. It should be noted that the data items are common to all cities and they contribute to the existing body of knowledge on urban freight transport. However they are not key parameters for emission calculation. In the cases that data is not available or incomplete, users may move forward to other tabs for emission calculation. 
City parameters
In the city parameters section, most of the data items vary over the modeled years -base year 2018 and exogenous forecast data after 2018. 
1) Socio-economic data
Air quality data
Air quality Index (AQI) is an internationally uniform index for reporting and forecasting daily air quality. It is divided into six categories and uses a normalized scale from 0 to 500. In the tool, users edit the index level and a corresponding level of health concern as well as cautionary statements will be automatically selected. Users may search for city air pollution levels from existing platforms, such as World Health Organization (WHO)'s Global Platform on Air Quality and Health 3 .
The concentration levels of key air pollutants are required in the section. 
Input mode for all transport modes
In the input mode for each mode of transport, users only need to enter data into the yellow cells, which are the key parameters for emission calculation. The white cells in the tabs indicate that they are input cells and may improve the accuracy of the results.
Default values are provided in the self-monitoring tool, however users must note these values are placeholders and are subject to high uncertainties. Please also note that the load factors will be fixed and greyed out when users check the "NA" box. In such case, each of these values is based on a particular set of assumptions and may not always reflect the actual conditions. Figure 4 below illustrates the interface of road transport tab and required parameters.
Figure 4 Interface of "Road transport" tab
The following functions are common to all transport modes (road, rail and inland waterways transport). User can edit the input data. Click on the yellow fields and the parameters can be edited.
"Insert"
Insert the data. Click on the insert button and the data is stored locally in the excel spreadsheet. Note that if the parameter exists already in the database, a dialogue window is opened and the users can choose to update the field.
"Delete"
Delete the data. The data is removed from the tool.
"Show"
Show the data that is stored in the database. Click on the show button and a dialogue widow is opened. Users can select a record and it will be reflected on the corresponding field.
"Calculate" Calculate the emissions. The emissions will be automatically calculated once all the yellow fields are filled out, however users are recommended to click on the calculate button. The tool provides onscreen report which includes the GHG emissions in terms of carbon dioxide (CO 2 ) and CO 2 e. However users must note that results may not be available and will be greyed out where key parameters for emission calculation are not available. Guidance is provided in the following sections on how to deliver the best output from the information available.
Numerical input and rounding
Decimal notation can be used and it is denoted with a period, e.g. 1.234. Any numerical input is considered to be a rounded value -rounded to 2 digits.
Forecast tab
The "Forecast" tab comprises of "impact assessment" section and "action assessment" section. In the input mode, users need to enter the data in the yellow fields. The values will be automatically generated in the orange fields. Figure 5 illustrates the interface of this tab.
Figure 5 Interface of "Forecast" tab
Each of the measures listed in "Forecast" tab have their own spreadsheets in the tool. Figure 6 below depicts the inputs in the "Fuel technology change" assessment. 
Results tab
The "Results" tab contains summary data of the city and its socio-economic data. It also includes a series of illustrative graphs of the following data:  Estimated emissions and freight transport activities by each mode of transport, i.e. road, rail and inland waterway transport, over the modelled years (2018 -2021)  Four types of freight trips, including through, to, from, within. The results are transferred from the City profile tab.  Types of vehicles for each mode of transport  Types of fuel used for each mode of transport On-road transport contributes largely to the global transport emissions. Currently the vast majority of road freight vehicles burn liquid or gaseous fuel in internal combustion engines, which produces CO 2 , CH 4 and N 2 O, often referred to as tailpipe emissions. Increasingly, electrification of shortdistance freight vehicles is becoming a viable option.
On-road freight vehicles are designed to transport goods on public roads or highways. This category includes vehicles such as motorcycles, trucks, waste collection vehicles etc. Emissions from road transport refer to the fuel or electricity used to operate road freight vehicles, and exclude the emissions related to the production of vehicles or road infrastructure. Table 2 below shows the requirements for the estimation of road transport emissions. Select the applicable vehicle sizes and weights Tonne (t)
Load factor
Load factors make a significant impact on energy use and emissions. See GLEC Framework (Version 2.0) for default load factors. Users may adjust the load factor Percentage (%) which reflects the actual conditions.
Total distance
Actual distance should be inputted if available. In general only vehicle operators have access to actual distance travelled. Cities can seek carriers and logistics companies for the activity data; when a sampling survey is used, cities can scale up the activity data to the city-scale.
Million km
Tonne-kilometer (t-km)
The tool uses the following equation: t-km = payload x load factor x total distance Million t-km
Fuel type
The calculation depends on the fuel type. Most on-road freight vehicles burn diesel or gasoline. Other potential types include electricity, hydrogen, CNG, LNG and LPG.
Fuel use is usually reported using mass (kg) as the unit; In practice liquid fuels are measured by volume (liters).
Fuel consumption
Total fuel consumption for the year; Cities can obtain total fuel use data or estimates by inquiring with fuel suppliers.
Liter/100km, kg/100km or kWh/100km, depending on the fuel type, but this is automatically selected.
Type of trip flow (optional)
Select between within, through, to, from
Type of goods (optional)
Select between average, bulk and volume goods
Refrigerated (optional)
Temperature control
Number of vehicles (optional)
Many vehicle registration databases do not deregister vehicles that are scrapped or out of service. This might give higher emission factors to the calculation.
Thousand (k)
Age of vehicles (optional)
Select between 0 -5, 5 -10, 10 -15, Over 15 or Not applicable.
Emissions from rail transport include the energy used to move cargo under its own power or hauled by another vehicle. Similar to road transport, the most accurate way to calculate emissions from rail transport is to use direct measurements of fuel consumed. Cities should obtain fuel consumption data from the railway operators by fuel types when available.
The parameters affecting rail transport emission calculation is listed in Table 3 below. The calculation should be based on actual operating data, if not publicly available datasets. 
Weight
Actual or estimated shipment weight based on the mass of cargo should be used, if available.
Tonne
Load factor
For rail transport, there is no well-established load factor. Existing tools estimates the load factor based on net and gross tonnekilometers for the above mentioned cargo types.
Percentage (%)
Total distance
Actual rail network distance should be used in the calculation. In practice rail distance can be hard to find, but some existing tools can be useful, for instance, EcoTransIT's online tool.
km
Type of traction
Diesel and electricity are the most common fuel types for rail transport. Cities should obtain fuel consumption data from railway operators by fuel type.
Where detailed activity data are unavailable, cities can use queries or surveys to calculate the fuel use and amount of goods transported, scale down regional or national fuel consumption based on city population or other indicators.
Each fuel has its own unit.
Emission factors
Limited information is available on locomotive fuel efficiency. Default factors are used in the tool.
Number of wagons
The tool assumes a default number of wagons (20) when using the activity-based approach.
Inland waterway transport emission calculation 5.
Freight transport by inland waterway transport comprises a relatively small share of the urban freight sector. Water transportation includes ships, ferries and boats operating within the city boundary. The emissions from inland waterways refer to the movement of cargo along stretches of water.
The parameters affecting inland waterway transport emission calculation are summarized below. 
Weight
Actual shipment weight should be used, if available. Cities can obtain data using official records of surveys to determine the weight of cargo.
Tonne
Load factor
Average load factors for the above mentioned vessel types are used; Generally it is in the range of 45 -75 percent, depending on vessel types. If the load factor is known to be different from the representatives incorporated in the default values, cities should work to obtain a fuel efficiency value that reflects the actual conditions.
Percentage (%)
Total distance
Actual waterway network distance should be used, based on the origin and destination of the freight trip. For instance, data from the vessels log book.
Fuel type
Marine diesel fuel is the assumed fuel type for inland water transport. Cities can seek this data from shipping companies and fuel suppliers.
Emission factors
Emission factors for diesel traction and electricity traction.
Default factors are included in the tool.
Number of vessels (optional)
Number of vessels registered in the city Thousand (k) Forecasting emissions 6.
In the self-monitoring tool, collected data can be used to determine current emissions. Analysis can also be used to project future emissions under circumstances that may happen with or without intervention, which is often called business-as-usual (BAU). Besides, the tool estimates target scenarios where specific policies ore strategies are hypothetically implemented by the city. The resulting emissions are then compared to those of the BAU scenario to see the potential emission reductions.
Target scenarios consider the following measures based on local development priorities, feasibility, costs and benefits assessment: "Fuel technology change", "Distance reduction", "Eco-driving" and "Off-hour deliveries" (also known as "Out of hour deliveries").
Fuel technology change
This includes technologies for promoting high efficiency and alternative fuels. These actions are intended to reduce overall GHG emissions by reducing the use of less carbon-intensive fuels and increasing the use of less carbon-intensive fuels. The required input data is listed as follows: 
Select between different types of vehicles
Refrigerated
Select whether the vehicle is refrigerated or not Expected transport growth rate
To forecast the demand for new freight activity is one of the most uncertain variables in the emission reduction analysis.
A default value of 3 percent is provided in the tool, using the estimated global freight demand growth rate, however, it must be noted that the value is only a placeholder and may not reflect actual conditions. It is recommended that users apply more locally-suited numbers if available.
Percentage (%)
Fuel technology used
Current fuel type, which serves as the basis for base year emission calculation. A default corresponding emission intensity factor is provided based on the vehicle type and fuel type.
Fuel technology to use
Forecast change in fuel type; Same as above, a default value of emission intensity factor is automatically selected, if applicable.
Uplift value
In line with the GLEC Framework, the tool recommends the emission intensity values for road vehicles (in Europe and South America) as a starting point. In Asia, an uplifted value is applied.
Percentage (%)
Distance reduction
This involves the reduction of VKT of a specific type of vehicle. To calculate the impact of distance reduction on GHG emissions, we assume the fuel type used remains the same but million km and million t-km are reduced according to the parameter "Distance reduction (%)". Other parameters are the same as those in Table 5 .
Eco-driving
Eco-driving is based on a series of techniques that drivers can adapt to reduce fuel consumption and GHG emissions. This includes reducing the use of air conditioning, minimizing engine idling, maintaining steady speed, avoiding sharp acceleration and braking. Additional measures include regular vehicle maintenance etc.
The input parameters are similar to those in Table 5 . For the parameter "Eco-driving fuel saving rate", we assume an average value of 10 percent based on existing studies. In this tool, fuel savings are assumed to be equivalent to emission savings, which is commonly used by other studies looking at CO 2 effects. While this would be true in percentage terms, the absolute emission reduction from fuel saving would vary according to the fuel being used.
